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The aim of this study was to detect levels of IgG and IgA by enzyme-linked immunosorbent assay (ELISA) using alkaline extracts of
larvae, adult female worms, and eggs of Strongyloides venezuelensis as antigen. One hundred twenty serum samples divided into 3 groups
were analysed: group I (40 strongyloidiasis patients), group II (40 patients with other parasitic infections), and group III (40 healthy subjects).
Statistical variations were analyzed using analysis of variance. There was a significant statistical difference (P b 0.001) in the detection of
antibodies in group I between larvae and female antigens and between larvae and egg antigens, with higher positivity using larvae antigen.
The larvae antigen showed the highest values for sensitivity, specificity, and diagnostic efficiency in ELISA. This study is the first that
examines the use of adult female worm and egg antigens to detect antibodies for human strongyloidiasis diagnosis compared with the larval
extract. By comparing all 3 extracts, larval antigens demonstrated better diagnostic parameters.
© 2012 Elsevier Inc. Open access under the Elsevier OA license.Keywords: Antigen; Diagnosis; Immunoglobulins; Strongyloidiasis1. Introduction
Human strongyloidiasis is caused by the nematode
Strongyloides stercoralis which, when restricted to the
gastrointestinal tract, is asymptomatic. However, in some
cases, such as immunosuppressed patients, systemic invasion
of the parasite may develop a fatal hyperinfection syndrome
or disseminated strongyloidiasis (Marcos et al., 2011; Roxby
et al., 2009; Vadlamudi et al., 2006; Yassin et al., 2010).☆ This research was supported by the Fundação Coordenação de
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Between 30 and 100 million people are infected. Areas of
prevalence are concentrated in tropical and subtropical
countries, being endemic in Southeast Asia, Latin America,
and parts of Africa (Olsen et al., 2009; Paula and Costa-Cruz,
2011; Siddiqui and Berk, 2001).
Immunological methods such as enzyme-linked immu-
nosorbent assay (ELISA) have been widely used in the
diagnosis of human strongyloidiasis due to its applicability,
safety, availability of reagents, and high sensitivity, being
considered the best test for serological screening (Gonzaga
et al., 2011b; Koosha et al., 2004; Schaffel et al., 2001). A
successful ELISA-based S. stercoralis–specific coproanti-
gen detection method in human stools was performed in
Egypt (El Badry, 2009). Despite the high specificity and
sensitivity found for immunoblotting compared with ELISA,
immunoblotting is not recommended for use in routine
laboratories because it requires more time to release the
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should be assessed in different clinical situations (Atkins
et al., 1999; Feliciano et al., 2010; Gonzaga et al., 2011b;
Rigo et al., 2008).
A major limitation of these methods is the need to obtain
sufficient quantities of infective larvae of S. stercoralis for
serological test standardization. The use of heterologous
antigens, especially from Strongyloides ratti and Strongy-
loides venezuelensis, which are easy to obtain and present
less risk to researchers, could be a more suitable alternative
(Feliciano et al., 2010; Gonçalves et al., 2010; Machado
et al., 2008; Marra et al., 2010; Rodrigues et al., 2007).
Immunological tests detect different classes of total and
specific immunoglobulins to Strongyloides being found in
highest levels of IgG and IgA, especially during elimination of
the parasite (Atkins et al., 1999). In patients with strongyloi-
diasis, levels of IgG, principally IgG1, IgG4, and IgE, are
higher than in patients infected by other intestinal parasites or
in healthy subjects (Rodrigues et al., 2007). IgA seems to be
involved in the reduction of female fecundity and viability of
eggs which consequently leads to a decrease in larvae
production, while IgG4 acts by blocking the allergic response
mediated by IgE and by reducing elimination of the parasite
leading to the establishment of a chronic strongyloidiasis
(Atkins et al., 1999). Strongyloides-specific IgA was previ-
ously detected in serum and mucosal fluids— breast milk and
saliva samples using homologous or heterologous larvae
preparations in immunoassays (Atkins et al., 1999; Gonzaga
et al., 2011a; Mota-Ferreira et al., 2009; Ribeiro et al., 2010).
Currently, the diagnosis of strongyloidiasis by immuno-
logical tests has been performed using as antigen total
extracts of infective larvae of several species of Strongy-
loides. However, recent research studies have shown that
fractions of total saline extract of S. venezuelensis filariform
larvae can be used to detect IgG in S. stercoralis infection
(Feliciano et al., 2010; Gonzaga et al., 2011a; Rigo et al.,
2008), demonstrating that different antigenic preparations
can also be used in strongyloidiasis diagnosis.
Other evolutive forms of the parasite such as adult female
worms and eggs may also have potential for use as antigen.
S. venezuelensis infects wild rats, and its life cycle in rodents
is similar to S. stercoralis in humans. Filariform larvae reach
the lungs andmigrate to the small intestine where they develop
into adult worms (Schilter et al., 2010). Differently, infected
humans normally eliminate larvae in faeces, while in rodents,
eggs are eliminated. Eggs are shed in the feces of
experimentally infected rodents and can be readily recovered
and thus are an available antigen for use in immunodiagnostic
tests (Baek et al., 1998). A major reason to investigate adult
female worm and egg extracts in immunodiagnosis is that they
are found in the human intestinal mucosa, and thus host
systems have contact and could potentially develop an
immune response to them. Therefore, it indicates that antigenic
extracts produced from parthenogenetic female and eggs could
be of great relevance in strongyloidiasis diagnosis, especially
in cases of hyperinfection and dissemination syndromes whenparasitic load increases in host lungs and intestine or in
severe diarrhea cases with elimination of eggs in feces.
The aim of this study was to detect the levels of IgG and
IgA by ELISA using extracts of larvae, parthenogenetic
females and eggs from S. venezuelensis as antigen.
2. Materials and methods
2.1. Serum samples
A panel of well parasitologically characterized serum
samples from immunocompetent individuals were used. A
total of 120 serum samples, obtained from an established
bank of biological specimens and divided into 3 groups, were
tested. Group I consisted of 40 patients harboring
S. stercoralis larvae (copropositive). Group II consisted of
40 patients with other intestinal parasites including Ascaris
lumbricoides (n = 10), Enterobius vermicularis (n = 5),
Giardia lamblia (n = 6), hookworms (n = 8), Taenia spp.
(n = 8), and Trichuris trichiura (n = 3). Group III consisted of
40 healthy subjects based on their clinical observation,
without evidence of contact with S. stercoralis infection or
previous history of strongyloidiasis and copronegative. The
individuals of the 3 group were submitted to 3 fecal samples
by Lutz (1919) and Baermann's (1917) parasitological
methods. The study received approval from the Research
Ethics Committee of Universidade Federal de Uberlândia,
State of Minas Gerais, Brazil, under protocol number 465/10.
2.2. Parasites
S. venezuelensis third-stage infective larvae (L3) were
obtained from charcoal cultures of infected rat feces. The
cultures were stored at 28 °C for 48 h, and infective larvae
were collected and concentrated using the method of Rugai
et al. (1954). The recovered larvae were washed 5 times in
phosphate-buffered saline (PBS, 0.01 mol/L, pH 7.2) and
stored at −20 °C in PBS until use.
To recover parthenogenetic females, rats were sacrificed
after anesthesia (ketamine 60 mg/kg and xylazine 7 mg/kg)
on day 8 postinfection (pi), then the small intestine was
removed, placed in Petri dishes containing saline solution,
longitudinally sectioned, and incubated at 37 °C for 2 h.
After that period, females were counted using the Sato and
Toma (1990) method.
To obtain eggs, 3 Rattus norvegicus (Wistar) experimen-
tally infected with S. venezuelensis were placed on clean,
moist absorbent paper and allowed to defecate on day 8 pi. The
estimated number of eggs per gram of feces was made using
the Cornell–McMaster method (Gordon andWhitlock, 1939).
2.3. Alkaline extract from S. venezuelensis
Alkaline extracts were prepared, as previously described
(Machado et al., 2003). Briefly, 1 mL of 0.15 mol/L NaOH
was added to 300,000 S. venezuelensis larvae, 500 S. vene-
zuelensis parthenogenetic females, or 300,000 eggs, and kept
under gentle shaking for 6 h at 4 °C. Subsequently, 0.3 mol/L
Fig. 1. Strongyloides venezuelensis larvae, adult female worms, and egg
extracts to electrophoretic analysis in 15% SDS-PAGE, under reducing
conditions, stained by silver nitrate. MW = Molecular weight marker.
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preparations were then centrifuged at 12,400 × g for 30 min
at 4 °C. Supernatants (alkaline extracts) were analyzed for
protein content according to Lowry et al. (1951), subdivided
into aliquots, and stored at −20 °C until use.
2.4. Polyacrylamide gel electrophoresis
Sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE) was performed as described by Laemmli
(1970) under reducing conditions. Briefly, larvae, adult
female worms, and egg extracts were submitted for elec-
trophoresis using a 15% acrylamide separation gel. Samples
were diluted in 10 mmol/L Tris/HCl buffer (pH 8.0)
containing 1 mmol/L EDTA, 2% SDS, 10% glycerol, and
2.5% (v/v) β-mercaptoethanol, and boiled for 5 min (100 °C).
Samples were run simultaneously with molecular weight
marker (BenchMark™ Invitrogen, Carlsbad, CA, USA), and
gels were analysed by silver nitrate (Friedman, 1982).
2.5. Enzyme-linked immunosorbent assay
Preliminary experiments were carried out in order to
determine the optimal conditions for ELISA through blockTable 1
Diagnostic parameters of IgG and IgA antibodies to Strongyloides using 3 differe
Antigen IgG
Sensitivity (%) Specificity (%) Diagnostic efficiency (%
Larvae 100 100 100
Females 75 87.5 83
Eggs 77.5 90 86titration of reagents (antigens, control serum samples, and
conjugate). Briefly, low-affinity polystyrene microplates
(BioAgency Laboratories, São Paulo, Brazil) were coated
overnight at 4 °C with 5 μg/mL of S. venezuelensis larvae
(L3), adult female worm, or egg alkaline extracts in
0.06 mol/L carbonate–bicarbonate buffer (pH 9.6). Plates
were washed 3 times with PBS containing 0.05% Tween 20.
After washing, plates were incubated with sera (50 μL/well)
as follows: in plates with larvae (L3) or eggs, alkaline extracts
were 1:80 (for IgG detection) and 1:20 (for IgA detection); in
plates with adult female worms, alkaline extracts were 1:320
(for IgG detection) and 1:80 (for IgA detection) for 45 min at
37 °C. The secondary antibody, consisting of peroxidase-
labeled goat anti-human IgG conjugate (Sigma, St. Louis,
MO, USA) at the ideal dilution of 1:2000 or peroxidase-
labeled goat anti-human IgA conjugate (Sigma) at the ideal
dilution of 1:1000, was added and incubated for 45 min at
37 °C. Reagents were used for a final assay volume of 50 μL/
well. The reaction was revealed by adding the enzyme
substrate (0.03% H2O2 and o-phenylenediamine in 0.1 mol/L
citrate-phosphate buffer, pH 5.0) followed by incubation for
15 min at room temperature, and the addition of 25 μL/well
2N H2SO4 to stop the reaction. Optical density was
determined at 492 nm in a plate reader (Titertek Multiskan,
Flow Laboratories, McLean, VA, USA). Results were
expressed as reactivity index (RI) as follows: RI = absorbance
of tested sample/cut-off, where cut-off is the mean absor-
bance of 3 negative sera plus 3 SDs. Values of RI N1.0 were
considered positive.
2.6. Data analysis
Statistical analysis was performed using the software
GraphPad Prism version 5.0 (GraphPad Software Inc., San
Diego, USA). Statistical variations were analyzed using
analysis of variance, followed by Tukey's test. Statistical
significance was set at P b 0.05. Sensitivity, specificity,
and diagnostic efficiency were calculated in accordance
with Sopelete (2005). Diagnostic efficiency indicates the
accuracy of a test, and it is calculated according to the
formula (true-positive + true-negative results)/true-positive
+ false-positive + false-negative + true-negative results) and
expressed as a percentage.
3. Results
Electrophoretic profiles of Strongyloides antigenic prep-
arations are shown in Fig. 1. Protein components of larvaent antigenic extract (larvae, female, and egg) of S. venezuelensis
IgA
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54, 49; a 45–40 complex region; several bands between 40
and 30; 24; and antigens at b15 kDa appeared as a duple
bands. Female extraction analysis showed 3 major bands
with 50, 45, and 28 kDa, and a polypeptidic group was
revealed at b15 kDa. In egg extract, somehow disperse faint
bands with apparent molecular weights ranging from 32 to
28–27 kDa were detected.
The diagnostic parameters (sensitivity and specificity)
and diagnostic efficiency of ELISA in the detection of IgG
and IgA anti-S. stercoralis are shown in Table 1.
Fig. 2 shows the levels of IgG and IgA anti-S. stercoralis
expressed as RI for a serum sample from group I, II, and III
when the 3 antigens were used. In group I, there was a
significant statistical difference in the detection of IgG andFig. 2. Levels of IgG (A) and IgA (B) expressed in reactivity index (RI)
measured in serum samples from patients with strongyloidiasis (group I, n =
40), other parasitic diseases (group II, n = 40), and apparently healthy
individuals (group III, n = 40) by ELISA using alkaline extract of larvae, adult
female worms, or eggs as heterologous antigens. The dashed lines represent the
positivity threshold (RI N1.0). % represents the rate of positivity.IgA between the use of larvae and adult female worm or egg
antigens, with higher positivity rates for larvae antigen.
The positivity rate for IgG against S. stercoralis in
group I was 100%, 75%, and 77.5%; in group II was 0%,
10%, and 2.5%; and in group III was 0%, 15%, and 17.5%
when the antigen used was from larvae, adult female
worms, or eggs, respectively. When tested for IgA, the rate
was 92.5%, 55%, and 37.5% in group I; 10%, 20%, and
15% in group II; and 12.5%, 20%, and 12.5% in group III
using larvae, adult female worms, or egg extracts as
antigens, respectively.
Regarding the rate of cross-reactivity, it was observed that,
in group II, the positivity rate to IgGwas 0%, 12.5%, and 2.5%
when antigen from larvae, adult female worms, or eggs was
used, respectively. The detected IgA positivity rate was 10%,
20%, and 15%when antigen of larvae, adult female worms, or
eggs was used, respectively. When IgG was measured, a
higher cross-reactivity rate was noted in hookworms (25%)
and Trichuris trichiura (33.3%) using antigen from adult
female worms. In the detection of IgA, higher rates of
positivity in hookworms (12.5%) for all antigens — E.
vermicularis at rates of 60% and 20% using as antigen adult
female worms or eggs, respectively; Taenia sp. at rates of
12.5% for larvae, 37.5% for adult female worms, and 25% for
eggs; and A. lumbricoides at rates of 20% for larvae and eggs
and 10% for adult female worm extracts— were noted.
4. Discussion
IgG and IgA to S. stercoralis are found at high levels in
serum samples from individuals with strongyloidiasis,
being detected by ELISA using the larvae of Strongy-
loides spp. as antigen (Atkins et al., 1999; Rodrigues et al.,
2007). In the present study, individuals with strongyloidi-
asis had higher positivity rates for IgG and IgA for the
larvae, adult female worm, and egg antigens than
individuals with other parasitic infections and than healthy
subjects, demonstrating that the 3 antigenic preparations
can detect antibodies against S. stercoralis, although with
different levels of specificity.
Protein profiles of the 3 extracts were distinct and stage
specific. These results partially characterized the antigenic
extracts tested as they differed in the number of bands and
resolution. A representative gel of egg and adult female
extracts showed that a reduced number of polypeptidic
bands could be associated with the direct connection of
these stages and also with a low-protein pool modification
that is probably present in the larvae change to infective
form, as shown by the more significant and numerous
banding on gel electrophoresis. These data may justify the
difference in reactivity obtained in ELISA for the 3
antigenic extracts used.
The cross-reactivity rates in group II in the detection of
IgG were higher using the adult female worms as antigen
than when larvae or the egg antigens were used. The cross-
reactivity rate was also higher when IgA was determined
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significant when larvae or eggs were used as antigen. The
study region is located more than 2500 km from the filariasis
endemic area in our country; this area is situated in the
northeastern region. Thus, data about specificity involving
filarial infections should be restricted to endemic areas
because of the known cross-reactivity.
Other evolutive forms of the parasite such as females and
eggs may also have potential for use as antigens. In
experimental models, the elimination of eggs occurs in the
feces, and in human infection eggs can be eliminated when
the patient present severe diarrhea, indicating relevance in the
use of antigenic extracts based on eggs. In human
strongyloidiasis diagnosis, in addition to an antigenic extract
of larvae, it would be prudent to use an antigenic extract
produced from adult female worms, since it is this form that is
established in the intestinal mucosa. In the present study, the
rates of sensitivity and specificity and the diagnostic
efficiency of ELISA to detect IgG and IgA were significantly
higher when using the antigen of the larvae of S.
venezuelensis than when using antigen from adult female
worms or eggs were used. This demonstrates that the
diagnosis of strongyloidiasis by ELISA remains the most
effective when larvae extract is used.
This is a fundamental research in the attempt to use
evolving adult female worm and eggs of S. venezuelensis as
alternative heterologous antigens in the detection of human
strongyloidiasis. The results showed that adult female worms
and eggs have some potential in detecting antibodies against
S. stercoralis; however, larva remains the best antigen for
achievement of ELISA.
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